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Abstract: 

         In this paper, the concepts of 
n

L connectedness are defined 

depending on the definition of L spaces which was presented by 

(Kelley, J.C. : 1963 in [3]) and the concept of connectedness. Also we 

used this concept to study some theorms which are related to the 

concept of connectedness. 

 

 انخلاطت:

conneectednessو ىشف يفهع  ُ   فٍ هزا انبحث        
n

L وــىاد عهً يفهـــالاعخًبspaces 

L انعانى (ه ــــــانزٌ لذيKelley, J.C. وعهً يفهـــــىو  [3] )فٍ انًظذس 3691ُت ـــــــس  

conneectedness  .  انخٍ حخعهك بًفهـىو  بشهُاثت بعض انًــــذساسنو ىانًفه اخخذو هزـــسكزنك ا

conneectedness.  
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§1  Introduction 

1  Introduction: 

          Kelley, J.C. at 1963 in [3] presented a new concept, namely, Bitopological 

spaces which theirs members are sets depend upon two topologies in theirs 

definition on the same nonempty set. 

         Bitopological space which their members are L open sets are called L

topological spaces or L spaces. 

        The concept of L spaces are used in many Principle topological concepts, for 

example Compactness, Connectedness, Separation axioms, Convergence and others. 

       In this paper, the concepts of 
n

L connectedness are defined depending on the 

definition of L spaces which was presented by (Kelley, J.C. : 1963 in [3]) and the 

concept of connectedness. Also we used this concept to study some theorms which 

are related to the concept of connectedness. 

§2   Basic Concepts 

 

2.1 Definitions:  

1. A subset A of a topological space X is disconneced if there exist open sets G and H 

of X such that AG and AH are disjoint non-empty sets whose union is A. In this 

case GH  is called disconnection of A. Equivalently,  A is disconneced in X if there 

exist open sets G and H of X such that  AG  , AH  , HGA  , and 

cAHG  .  

     A set is connected if it is not disconnected [1], [2], [4], [5]. 

2. Two subsets A and B of a topological space X are said to be separated if  A B  =

  and A B = , where A , B   is the closure set of  A, B respectively [1], [2], [4], 

[5]. 

2.2 Theorem: A subset A of the real line containing at least two points is 

connected if and only if A is an interval [1], [2], [4], [5]. 

2.3 Proposition: If  A and B are connected sets which are not separated, then  AB  

is connected [1], [4], [5]. 
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2.4 Proposition: If  A is a connected subset of a space X such that ABA  , then B 

is a connected set, in particular A  is connected [1], [4], [5]. 

2.5 Definitions:  

1. Let  
n
 ,.....,,

21
 ( 2n ) be topologies on a nonempty set X  and  A, B  X  . 

Then  

i. A  is called an 
n

L open set in  X   if there is a 1 open set  U   in  X   such that  

U  A 
n

i

i

U
2

, where  
i

U  is the i-th closure set of  U  in X  .t.r.w  i  

)2( ni  . 

          The collection of all  
n

L open sets in  X   is denoted by  )(XOL
n
 , and 

),.....,,,(
21 n

X    is called an 
n

L topological space or an  
n

L space [for 

easiness written  X   is called an  
n

L space], and the open sets in  

),.....,,,(
21 n

X    are  
n

L open sets in  X  . If  n=2, then for easiness ),,(
21
X  

is called an L topological space or an  L space (for easiness written  X   is 

called an  L space ) [3]. 

ii. B  is called an  
n

L closed set in  X   if and only if  
cB   is an 

n
L open set in 

X .   

     The collection of all  
n

L closed sets in  X   is denoted by )(XCL
n
 . 

2. The 
n

L subspace A  of an 
n

L space ),.....,,,(
21 n

X   is the 
n

L space (

),.....,,,
21 nAAA

A  ,    where     
nAAA
 ,.....,,

21
    are     the     relative     

topologies    of 
n
 ,.....,,

21
  respectively on  A   in  X . 

3. Let ),.....,,,(
21 n

X   & )',.....,',',(
21 n

Y   be 
n

L spaces, and let 

)',.....,',',(),.....,,,(:
2121 nn

YXf     be a function. Then f  is called 
n

L

continuous if )(1 Af    is an  
n

L open set in X  for all  .'
1

A  

2.6 Remarks: 

1.  Let  ),.....,,,(
21 n

X   be an 
n

L space. Then 
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i. 
1
  is a sub collection of )(XOL

n
 , ( since 

n

i

i

UUU
2

  for all  )
1
U . 

ii.  If  n1 < n2 n,  then   )(
1

XOL
n
    )(

2
XOL

n
 ,  since   if   

)(
1

XOLA
n
  

1
 U    U  A  

2

2

1

2

1

2

&
n

i

in

i

in

i

i

UUU


  U 

A 
2

2

n

i

i

U


   )(
2

XOLA
n
   )(

1
XOL

n
  )(

2
XOL

n
 . Moreover 

)(
2

XOL     )(
3

XOL  …… )(XOL
n
  . 

iii. If  
nL

A = }/)({ FAXCLF
n

 , then 
nL

A is called  the 
n

L closure of  

A  w.r.t. the 
n

L space ),.....,,,(
21 n

X  . Notice that 
nL

A 
1

A by using (i). 

2. Let  ),.....,,,(
21 n

X   &  )',.....,',',(
21 n

Y   be  
n

L spaces, and let 

)',.....,',',(),.....,,,(:
2121 nn

YXf    be a function. Then if  

)',(),(:
11

 YXf    is a continuous function, then 

)',.....,',',(),.....,,,(:
2121 nn

YXf     is an 
n

L continuous function. The 

converse is not true, e. g., if  u   is the usual topology on   , and :f  is a 

function  defined as follows nxf )(   for every   nx ,  such that 1 nxn , 

then ),(),(: uuf   is not continuous function, since u)2,0( , but 

))2,1((})1({)1,0())2,0(( 1111   ffff   =   )2,1[  = u)2,1[ ; while 

),.....,,,(),.....,,,(: uuuuuuf  (n-times, 2n ) is  an  
n

L continuous 

function .   
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§3   Ln-connectedness 

 

3.1 Definitions:  

1. A subset A of an 
n

L space X is called 
n

L disconnected if there exist 
n

L open 

sets G and H of X such that AG and BH are disjoint non-empty sets whose 

union is A. In this case GH  is called 
n

L disconnection of A. Equivalently,  A is 

disconneced in X  if there exist 
n

L open sets G and H of  X such that AG  , A

H  , HGA  , and 
cAHG  . A set is 

n
L connected if it is not 

disconnected. 

2. Two subsets A and B of an 
n

L space ),.....,,,(
21 n

X   are said to be 
n

L

separated if  A
nL

B  =  and 
nL

A B = . 

3.2 Proposition: Let  ),.....,,,(
21 n

X   be an 
n

L space such that  A is  

disconnected with respect to ),(
1
X . Then A is 

n
L disconnected with respect to 

),.....,,,(
21 n

X   for every topologies  
i

  , ( ni 2 )  on   X. 

Proof: 

By using  2.1 and  2.6. 

3.3 Examples:  

i. Let  U  be the usual topology on 
2  and  A={(x,y): x

2
-y

2  4} [4]. 

 For the two open half-planes  G={(x,y): x
 
< -1} and H={(x,y): x

 
>1} form a 

disconnection of  A with respect to the space ),( 2 U , therefore  G and H  A form an 


n

L disconnection of  A with respect to the 
n

L space ),...,,( 2 UU  (n-times) by 

using 3.2 as in indicated  Fig.1 bellow: 

 

                                                                            

  

 

  

 



 

7 

 

Journal of Thi-Qar University   No.2   Vol.5      Septemper/2009 

ii. Let  u   be the usual topology on    and a,b  , and let  A=[a,b). Then A is an 

connected with respect to ),( u by using 2.2 but A is 
n

L disconnected with respect 

to ),...,,( uu (n-times) since if G=[a,(a+b)/2), H=[(a+b)/2),b), then G,H )( OL
n

 ,  

AG  ,  AH  ,  HGA  ,  and AHG  .  

3.4 Proposition: Let  ),.....,,,(
21 n

X   be an 
n

L space such that A and B are 

separated with respect to ),(
1
X . Then  A and B  are 

n
L separated with respect to 

),.....,,,(
21 n

X   for every topologies  
i

  , ( ni 2 )  on   X. 

Proof: 

By using 2.1 and 2.6. 

3.5 Examples:  

i. Let  u   be the usual topology on   , and let  A=(0,1), B=(1,2) [4]. Then  A and B 

are separated with respect to the space ),( u  since 
1

A =[0,1], 
1

B =[1,2], A
1

B  = , 

1

A B = ,  therefore A and B are 
n

L separated with respect to the 
n

L space 

),...,,( uu (n-times) by using  3.4. 

ii. Let  u  be the usual topology on    and a,b,c   such that a<b<c, and let  

A=(a,b), B=[b,c). Then A and B are not separated with respect to the space ),( u  

since 
1

A =[a,b] and 
1

B =[b,c], and 
1

A B ={b}  , but  A and B are 
n

L separated 

with respect to the 
n

L space ),...,,( uu (n-times) since 
nL

A = A, 
nL

B =B, and  A

nL

B  = 
nL

A B = A  B = .  

3.6 Proposition: Let ),.....,,,(
21 n

X   be an 
n

L space and AX such that A is 


n

L disconnected with respect to the ),.....,,,(
21 nAAA

A  . Then  A contains a subset 

S which is disconnected with respect to ),(
1
X . 

Proof: 

Since A is 
n

L disconnected .t.r.w  ),.....,,,(
21 nAAA

A  .   )(, AOLHG
n
  

such that AG  , AH  , HGA  , and 
cAHG  .  

1
, vu  such 
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that u AG   
n

i

i

Au
2

,v  A H   
n

i

i

Av
2

. If S =A ( vu  ), then  A 

contains S . Since AG  , AH  , and AXHG    A u  , A v

 , vuS  , and AXHGvu     S  is disconnected ... trw  the space 

),(
1
X . 

3.7 Corollary: Let ),.....,,,(
21 n

X   be an 
n

L space and AX such that A is 
n

L

disconnected with respect to ),.....,,,(
21 nAAA

A  . Then  A contains a subset S which 

is 
n

L disconnected with respect to ),.....,,,(
21 n

X  . 

Proof: 

By using  3.6  and  3.2. 

3.8 Proposition: If )',.....,',',(),.....,,,(:
2121 nn

YXf    is an 
n

L continuous 

function such that  A  is 
n

L connected with respect to ),.....,,,(
21 n

X  , then  f(A) 

is connected with respect to )',(
1

Y . 

Proof: 

We show that  f(A) is connected ... trw  )',(
1

Y . Suppose that  f(A) is disconnected 

... trw )',(
1

Y .  
1
', HG  such that  f(A)G  ,  f(A)H  , f(A) HG & 

)(AfYHG  .   AGf )(1 ,  AHf )(1 , A )()( 11 HfGf     & 

AXHfGf  )()( 11  . Since )',...,',(),...,,(:
11 nn

YXf    is 
n

L continuous. 

 )()(),( 11 XOLHfGf
n
  and hence A  is 

n
L connected with respect to 

),.....,,,(
21 n

X  , which is impossible.   f(A) is connected ... trw  )',(
1

Y . 

3.9 Proposition: If A and B are 
n

L connected sets which are not 
n

L separated 

with respect to the 
n

L space ),.....,,,(
21 n

X  , then  AB is 
n

L connected. 

Proof: 

Suppose AB is 
n

L disconnected and suppose GH is an 
n

L disconnection of  

AB . Since 

A is an 
n

L connected subset of AB, either GA  or HA .Similarly, either 

GB  or HB . Now if GA  and HB (or GB  and HA )  A & B 
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are 
n

L separated sets. But this contradicts the hypothesis; hence either AB G  

or  AB H , and so GH  is not an 
n

L disconnection  of  AB. In the other 

word,  AB is 
n

L connected. 

3.10 Example: Let  U  be the usual topology on 
2  , and  let  A={(0,y): 1

2

1
 y },  

B={(x,y): sin(1/x), 10  x }  [4]. Now A and  B are not separated with respect to the 

space ),( 2 U , since each point in A is an a commulation point of B and therefore A

B  is connected with respect to the space ),( 2 U  by using 2.3, moreover A and B  

are 
n

L separated with respect to the 
n

L space ),...,,( 2 UU (n-times), since 
nL

A

= A, 
nL

B =B, and  A nL

B  = 
nL

A B = A  B =  . Therefore AB  is 
n

L

disconnected as indicated in  Fig.2  bellow:  

 

 

 

 

 

 

 

 

Fig.2 

3.11 Proposition: Let ),.....,,,(
21 n

X   be an 
n

L space and A,BX such that  A is 


n

L connected such that  BA
nL

A , then  B is 
n

L connected, in particular 
nL

A  

is 
n

L connected.  

Proof: 

Suppose B  is 
n

L disconnected and suppose GH  is an 
n

L disconnection of B . 

Now A  is 
n

L connected subset of B, either GA  or HA ; say, 

GA . Then GX   is a 
n

L closed set and therefore  BA
nL

A  GX  . 
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Consequently, GB . But this contradicts the fact that GH  is an 
n

L

disconnection of  B; B  is 
n

L disconnected. 

3.12 Example:  Let  u   be the usual topology on   and a,b  , and let A=(0,2), 

B=[0,2). Then 
1

ABA  , therefore A & B are connected sets with respect to 

),( u  by using 2.2 and 2.4 respectively, but B is 
n

L disconnected with respect to 

),...,,( uu (n-times) since if G=[0,1), H=[1,2), then G,H )( OL
n

 , BG  ,  B

H  ,  HGB  ,  and BHG  .  

3.13 Conclusions: 

1. If  A is  disconnected with respect to the space ),(
1
X , then A is 

n
L

disconnected with respect to the 
n

L space ),.....,,,(
21 n

X   for every topologies  

i
  , ( ni 2 )  on   X as indicated in  proposotion 3.2. 

2. The converse of the 1
st
 conclusion is not true as indicated in example 3.3. 

3. If A and B are separated with respect to the space ),(
1
X . Then  A and B  are 


n

L separated with respect to the 
n

L space ),.....,,,(
21 n

X   for every topologies  

i
  , ( ni 2 )  on   X as indicated in  proposotion 3.4.  

4. The converse of the 3
rd

 conclusion is not true as indicated in example 3.5. 

5.  If ),.....,,,(
21 n

X  is an 
n

L space and AX such that A is 
n

L disconnected 

with respect to the ),.....,,,(
21 nAAA

A  , then  A contains a subset S which is 

disconnected with respect to ),(
1
X  as indicated in  proposotion 3.6.  

6. If )',.....,',',(),.....,,,(:
2121 nn

YXf    is an 
n

L continuous function such that  

A  is 
n

L connected with respect to ),.....,,,(
21 n

X  , then  f(A) is connected with 

respect to )',(
1

Y  as indicated in  proposotion 3.8. 

7. If A and B are 
n

L connected sets which are not 
n

L separated with respect to 

the 
n

L space ),.....,,,(
21 n

X  , then  AB is 
n

L connected as indicated in  

proposotion 3.9. 
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8. If  A and B are connected sets which are not separated with respect to the space 

),(
1
X , then it is not necessary that  AB  is 

n
L connected with respect to the 


n

L space ),.....,,,(
21 n

X   as indicated in example 3.10. 

9. If ),.....,,,(
21 n

X   is an 
n

L space such that A,BX,  BA
nL

A  and A is 


n

L connected, then  B is 
n

L connected, in particular 
nL

A  is 
n

L connected as 

indicated in  proposotion 3.11. 

10. If ),.....,,,(
21 n

X   is an 
n

L space such that A,BX, 
1

ABA   and A is 

connected with respect to the space ),(
1
X  , then it is not necessary that B is 

n
L

connected with respect to the 
n

L space ),.....,,,(
21 n

X   as indicated in example 

3.12. 
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Abstract: 

 The rapid development of the communication networks through the Internet 

and development of the electronic trade with spread of the digital media such as 

(images, audio, video) which can be got easily, copied, and distributed with other 

person names. All these led to the needs of the authentication or copyright. The most 

important techniques used are watermark techniques. 

 The watermark techniques are divided into two types, they are spatial 

domain and frequency domain techniques. The frequency domain techniques are 

more stronger than the spatial domain techniques. The proposed algorithm is used 

with Discrete Cosine transform (DCT). Several experiments were given to illustrates 

the performance of the proposed scheme. This research focus on the frequency 

domain and deals with the images by choosing the best locations to embed the 

watermark to ensure the digital watermarking requirements.  
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1. Introduction: 

 The development of the World Wide Web (WWW) led to the possibility of 

sharing the information by many users all over the world, and the development of 

software and hardware led to the ability of sending and receiving many data  

through the networks, now it became possible to send and receive different types of 

animated, static images, and different types of digital media [1].     

  The digital media such as (images, audio, video) that can be got easily, copied, 

and distributed with another person names all these led to the needs of the 

authentication or copyright. There are many methods to protect the copyright of 

these media. The important one of these techniques are the watermark techniques 

[2]. 

 The proposed technique embed digital watermarking in the color images, to 

get an image that contains a digital watermarking. This technique has the ability to 

safe the watermark against attacks, and in the same time to keep the good quality of 

the reconstructed image. So the resultant image not be recognized by the Human 

Visual System (HVS). 

2. Digital Watermark: 

  Refers to embed a message or digital watermark into another digital media. 

The purpose is the authenticity or copyright of this digital media. The digital 

watermark must be very difficult to remove, or destruct from the media by the 

attacks [3]. 

  The embedding techniques in the images depending on basically  on the 

sensitivity border of human being eye or Human Visual System (HVS).  

 The structure of a digital watermark composes from two stages: the first stage 

is the watermark embedding, and the second is the watermark detection and 

extraction. Figure (1) shows the embedding and the extraction operations. 

 The digital media (original image) that contains the digital watermark is called 

the carrier. The watermarking (the secret message (image)) is not attach in the 

carrier material as a separate file or link but its an embedded information directly 

within the carrier material and dealing with them as one material [4]. 
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 The digital watermark should contain some features to be able to protect the 

digital media from the attacks, and the most important requirements are [5, 6]: 

1. Transparency.  

2. Robustness.  

3. Capacity. 

4. Security.  

3 Discrete Cosine Transform (DCT): 

  The image types are binary images, grayscale images, and color images. 

 The proposed algorithm deals with the color images, that can be considered as 

a three grayscale images, that contain three basic colors red, green, and blue and 

each color represents (8 bits), then can be represented each pixel contains three 

colors by (24 bits) as shows in the Figure (2) [7]. 

 The proposal algorithm using DCT method to the watermark embedding. In 

which each image is divided into blocks with n*n pixels, then transform these blocks 

into the transform coefficients. The transform coefficients are blocks with three 

levels of frequency signals. DCT are used in the image compression applications too, 

like Joint Photographic Experts Group JPEG [8].  

 Each blocks transform from spatial domain to the frequency domain using the 

2D-DCT equation as shows in the equation (1) [9,10]: 
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 where: M and N are the row and column size of A 

   p, q =0, 1, ……., n-1 

  This method produces block matrix that contains the transform coefficients 

to each pixel, the image signal changes slowly from point to point. Therefore, the 
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block energy is concentrated in number of low frequency coefficients that exists in 

the upper left corner from the matrix.  While the high frequency coefficients exists 

in the lower right corner. There are intermediary frequency coefficients that exist in 

the middle of block as shows in Figure (3) , and these coefficients have a real values. 

 On the other hand, the Inverse DCT (IDCT) retrieves the original information 

from frequency domain to the spatial domain as shows in the equation (2) [9,10].  
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4. The Proposed Technique: 

 The proposed technique contains two algorithms, the first one embeds the 

watermark image  into the original image. And the second one to extracts the 

watermark image from the original image and these two algorithms described as 

follows:  

 The Embedding Algorithm: 

1. Read the Original Image (Carrier). And Read the watermark image.  

2. Divide the Carrier into blocks of n*n pixels. 

3. Divide the watermark into blocks of n*n pixels. 

4. Transform the carrier blocks into frequency domain using DCT. 

5. Choose the intermediary frequency coefficients and then replace it with the 

pixel values of the watermark blocks. 

6. Transform the carrier blocks from frequency domain to the spatial domain 

using IDCT. 

7. Assemble the carrier blocks to produce an image with watermark (Water-

Image). As shows in Figure (4). 

The Extraction Algorithm: 

1. Read the Water-Image produced from the embedding algorithm. And Read 

the original image (carrier). 

2. Divide the Water-Image into blocks of n*n pixels. 

3. Divide the Carrier into blocks of n*n pixels. 

4. Transform the Water-Image blocks into frequency domain using DCT. 
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5. Transform the carrier blocks into frequency domain using DCT. 

6. Take the chosen intermediary frequency coefficients and then subtract the 

carrier intermediary coefficients from the Water-Image frequency 

coefficients to produce the original watermark blocks. 

7. Assemble the watermark blocks to produce the watermark image. As shows 

in Figure (5). 

5. The Experimental Work and Analyses: 

  Peak signal-to-noise ratio (PSNR) is the standard method for quantitatively 

comparing a reconstructed image with the original image. For an 8-bit grayscale 

image, the peak signal value is 255. Hence the PSNR of an M×N 8-bit grayscale 

image x  and its reconstruction x̂  is calculated as [11]: 
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log10                             ……(3) 

  where the Mean Square Error (MSE) is defined as: 
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 Figure (6) shows the original image and the watermarking image using the 

proposed algorithm. Figure(7) shows the first & second experiment using the carrier 

images with two watermarks and the PSNR that results from this experiment, while 

Figure (8) shows the third & forth experiment using the carrier images with two 

watermarks and the PSNR that results from this experiment .   

The Experiments: 

 There are four experiments each one have original image with one 

watermark images where the first watermark image is embedded in the first 

original image and calculates the result of PSNR to show the effect of the embedding 

operation on the original image. 

Then perform the second experiment on the first original image with the 

second original watermark and calculates the PSNR, …etc. 
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The result of the experiments are showed in the Table (1): 

 

 

  

 

 

 

 

 

6. Conclusions: 

  The experiments show the ability of the proposed algorithm to embed the 

watermark image in an efficient manner by achieving the watermarking 

requirements that showed in the following:   

1. Transparency: The proposed algorithm provide a high degree of 

transparency that the HVS does not recognize the watermark that 

embedded in the original image. And this can be achieved by choosing the 

embedded locations which are far from the low frequency locations (blocks 

energy).     

2. Capacity: The proposed algorithm has a high capacity that can reach the 

half of the original image size. The watermark  can be embed in the (4, 8, 16) 

locations at least in each block (8*8=64 locations). 

3. Security: The important requirement that must be provided in the system 

by embed the watermark in the appropriate  frequency domain coefficients 

and produce an embed image with good PSNR.  
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The color image (RGB) is three different images with 
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Figure (2) Representation of color image. 
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Figure (3). The different frequency regions  
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Figure (4). The embedding stage.  
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Figure (6) The original and watermark images. 
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Figure (5). The extraction stage.  
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Figure (8) The result of  experiment (3,4). 
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Figure (7) The result of  experiment (1,2). 
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 حضًٍُ انعلايت انًائُت 

 انًهىَت باسخعًال يعايلاث انخشدداث انىسطُتفٍ انظىسة 

 
 عبدالنبي محمد حيدر

 .العراق البصرة، الحاسبات، عموم قسم – العموم كمية - البصرة جامعة

 

 :انًسخخهض

انًُى انسشَع نشبكاث الاحظال عبش الإَخشَج وحطىس انخجاسة الانكخشوَُت واَخشاس الأوساط  

انفُذَى( وانخٍ أطبح يٍ انسهم انحظىل عهُها وَسخها  انشلًُت انًخخهفت يثم )انظىس، انظىث،

وحىصَعها بأسًاء أشخاص آخشٍَ كم هزا أدي إنً خهك حاجت يهحت نحًاَت حمىق انُشش واثباث 

 انًهكُت وغُشها. وأحذي أهى انخمُُاث انًسخعًهت فٍ هزا انًجال هٍ حمُُاث انعلايت انًائُت انشلًُت.

سئُسٍُُ هًا حمُُاث انخضًٍُ فٍ انًجال انًكاٍَ  حُمسى حمُُاث انخضًٍُ إنً لسًٍُ

وحمُُاث انخضًٍُ فٍ انًجال انخشددٌ وعادة يا حكىٌ حمُُاث انخضًٍُ فٍ انًجال انخشددٌ أكثش 

لىة يٍ حمُُاث انخضًٍُ فٍ انًجال انًكاٍَ وهزا يا حى انخشكُض عهُه فٍ هزا انبحث ورنك باخخُاس 

 ت نخحمك يخطهباث حضًٍُ انعلايت انًائُت انشلًُت.أفضم يىالع نهخضًٍُ فٍ انظىس انًهىَ

 

          Keywords :الكممات المفاتيح

Image, watermark, spatial domain, frequency domain 

 

 

 

 

 

 

 

 


